(4Z)-4-(4-Methoxybenzylidene)-2-((E)-4-methoxystyryl)-1-phenyl-1,4-dihydro-5H-imidazolin-5-one and its analogues were synthesized via carbon-carbon bond formation in the presence of a variety of Lewis acids under essentially solvent free conditions. ZnCl 2 was used as the prototype catalyst in these studies. Several other Lewis acids were also tested in this synthesis with AlCl 3 giving very good yields. Protic acids also catalyzed the reaction albeit at much higher mole percents. All 2-methyl substituted imidazolin-5-one starting materials resulted in the formation of the π-conjugated product on reaction with aromatic aldehydes. The mechanism of this reaction has also been elucidated.
Introduction
Condensation reactions are used in organic synthesis and biochemical systems as a synthetic route leading to new carbon-carbon bonds. 1, 2 In this context, the vinylogous reactions play an important part. 3 More vividly, among vinylogous reactions, the aldol addition reaction has attracted considerable interest over the years as a popular tool for the construction of new carbon-carbon bonds. 4, 5, 6 In this class of reactions, the best studied reaction involves the addition of silyl enol ethers to carbonyl compounds in the presence of Lewis bases 7 and Lewis acids 8 as catalyst (Mukaiyama aldol condensation). 4, 9 A few other aldol condensations catalyzed by Brönsted bases as well as Lewis acids, to form a metal enolate in situ have also been reported recently in the literature. 10 Several attempts have resulted in the successful enhancement of the yields of the reaction by changing reaction conditions (such as aqueous medium). 5, 11 An active methyl or methylene group on aldehydes appears to be an essential precursor for these reactions to proceed. 12, 13 In this, the initial step is the formation of a carbanion, by the action of a base. It is then followed by condensation in the presence of a Brönsted base or Lewis acid to form the new carbon-carbon bond, i.e. the condensation product. 13 Direct condensation in the presence of a Lewis acid or base has also been observed over the years. 5 But in this context, the results were appreciable only in the presence of a highly acidic methyl or methylene group which will initiate the condensation reaction via carbanion formation. 5 Organic reactions under solvent-free 14 conditions have also increasingly attracted chemist's interest particularly from the viewpoint of green chemistry. We report here the isolation of a series of imdazolin-5-ones (Scheme 1) with a π-conjugated system from (4Z)-4-(4-methoxybenzylidene)-2-methyl-1-phenyl-1,4-dihydro-5H-imidazolin-5-one 1 15, 16 and a variety of aromatic aldehydes in the presence of Lewis acid catalysts under solvent free conditions. (4Z)-4-(4-methoxybenzylidene)-2-((E)-4-methoxystyryl)-1-phenyl-1,4-dihydro-5H-imidazolin-5-one 2a was the first compound to be synthesized in this series. 
Results and Discussion
The starting material 1 for this reaction was synthesized from its corresponding oxazolone following the reported procedure. 15, 17 When the imidazolin-5-one 1 was reacted with panisaldehyde in a fusion reaction in the presence of a mild Lewis acid ZnCl 2 , work up and column chromatography of the reaction mixture yielded an orange product in 50-55% yield, which was characterized as (
The reaction was carried out under anhydrous conditions. The reason for this is that the presence of even a small amount of water hinders the reaction as most Lewis acids react immediately with water rather than the substrates, and decompose or deactivate. 13 The mechanism of this reaction is proposed to be a Lewis acid catalyzed vinylogous condensation. A methyl substituent is weakly acidic to initiate the condensation reaction in the absence of a base. But in compound 1, the orientation of bonds facilitates the delocalization of electrons within the benzylidene-imidazolinone ring system, making the methyl substituent more acidic. This delocalization of electrons provides a partial double bond character to the methyl substituent, thereby creating the stage for the initiation of the reaction. The Lewis acid first activates the non-substituted nitrogen atom in the imidazolinone ring and then activates the aldehyde via the formation of a six-membered cyclic transition state. This in turn facilitates the formation of a new carbon-carbon double bond with the elimination of water. The mechanism of this typical reaction is shown in Scheme 2.
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The prediction of the formation of a double bond character of the methyl substituent was further verified by deuterium exchange on 1.
1 H NMR (400 MHz) studies on 1 in a mixture of CDCl 3 and D 2 O showed a loss of proton from the methyl substituent as measured by the integration values ( figure 1 ). An upfield chemical shift was also observed on deuterium exchange on 1. This together with the C=O•••C interaction previously reported by us 16 proved that the methyl substituent is acidic enough to initiate this reaction. This vinylogous condensation reaction was tried with various other starting materials such
and (4Z)-4-benzylidene-2-methyl-1-phenyl-1,4-dihydro-5H-imidazolin-5-one. All of these starting materials showed the formation of the product with different aldehydes and under Lewis acid catalyzed conditions. The reaction was further probed under different Lewis acid catalyzed conditions. In Figure 1 .
1 H NMR spectra of compound 1 before and after deuterium exchange. The ratio of the integration value of methyl protons before deuterium exchange is 2.90 and after 24h of deuterium exchange is 1.8 indicating the loss of a proton on deuterium exchange. After 5 days two protons get exchanged and eventually with time all the protons get exchanged.
We have studied the reaction of compound 1 and various other aldehydes using ZnCl 2 as catalyst at a temperature range between 80-110°C (scheme 1). The results are summarized in Table 1 .
From Table 1 it can be concluded that the reaction of compound 1 with p-anisaldehyde and p-dimethylaminobenzaldehyde yielded product 2a and 2b with a yield of 55%. The yield of compound 2c seems to be less than 2a and 2b due to the less electron donating character of phydroxybenzaldehyde than p-anisaldehyde and p-dimethylaminobenzaldehyde. Further, due to steric hindrance in o-hydroxybenzaldehyde, the yield of 2d was reduced to 45%. In case of compound 2e, the presence of an electron-withdrawing nitro group has also reduced its yield to 45%. On the contrary, benzaldehyde proved to be promising yielding compound 2f with a higher We also tried other Lewis acids, both mild and strong ones compared to ZnCl 2 and measured the yields under the same reaction conditions. For these studies, compound 1 and panisaldehyde were used, as the starting materials and the resultant product was compound 2a. The results are compiled in Table 3 . It has been observed that in presence of milder Lewis acids with respect to zinc chloride such as anhydrous copper triflate and anhydrous magnesium chloride, product 2a was obtained with comparatively lower yield. With BF 3 .OEt as the Lewis acid catalyst, the yield has increased to ~ 50%, which is almost similar to ZnCl 2 . On the other hand with a strong Lewis acid such as aluminum chloride the yield of compound 2a was considerably increased to 75%. AlCl 3 , being a strong Lewis acid, activates the C=O group to a greater extend resulting in a promising yield of 2a. Further, protic acids also resulted in appreciable yields albeit at a higher mole percent of the catalyst. In the absence of acid or base, no product was formed. Moreover, lower mole % of the Lewis acid resulted in a much higher yield as observed from table 3.
Conclusions
In summary, the Lewis acid catalyzed vinylogous condensation of methyl substituted imidazolin-5-ones proves to be a highly effective method for the formation of π-conjugated heterocyclic systems. 12 To the best of our knowledge, the synthesis of several of these compounds is being reported for the first time. Studies with different Lewis acids conclusively show that stronger Lewis acids like aluminum chloride provide excellent yields. We have also aimed at using these π-conjugated products in organic semiconducting diodes 18, 19 which is a recent field of research interest.
Experimental Section
General Procedures. Melting points were determined on a JSGW apparatus. The purity of the compounds was checked by TLC (chloroform /petroleum ether, 4:1). The IR spectra were recorded on a BRUKER, VECTOR 22 FTIR system, (0.5 mm KBr cells at concentrations (<0.5mg ml21)). 1 H NMR spectra were recorded on a Jeol LA-400 (400 MHz) NMR spectrometer in solution of CDCl 3 using tetramethylsilane (TMS) as internal standard. The electrospray mass spectrum was recorded in CDRI Lucknow on a MICROMASS QUATTRO II triple quadrupole mass spectrometer. The sample (dissolved in methanol) was introduced into the ESI source through a syringe pump. The ESI capillary was set at 3.5KV and the core voltage was 
